INTRODUCTION
Tasmania has 10 native species of conifers (Division Pinophyta) of which eight are relictual species of rainforest and montane habitats (Hill 1998 , Hill & Orchard 1999 . Within Australia, Tasmania's cool temperate conifer flora has high levels of diversity and endemism (Enright & Hill 1995) and Tasmania is one of five global hotspots of conifer diversity (Contreras-Medina et al. 2001) . The 50% endemism rate at the generic level is among the highest rates of endemism in conifer floras worldwide (Contreras-Medina & Vega 2002) . Rainforest and alpine vegetation communities dominated by conifers are internationally significant due to their primitive flora and Gondwanan affinities (Balmer et al. 2004 ) and presently cover less than 1% of Tasmania's land area.
A dramatic decline in the extent, diversity and dominance of Australian conifers during the Tertiary coincides with increasing aridity in this period, with many of the relictual species now restricted to Western Tasmania, which is a refugium for conifers (Jordan 1995 , Carpenter et al. 2011 .
Most Tasmanian conifers exhibit physiological drought intolerance (Brodribb & Hill 1998) and are extremely fire sensitive (Gibson et al. 1995 , Kirkpatrick et al. 2010 . Vulnerability to climate change is determined by a complex range of factors broadly comprising adaptive capacity, resilience and exposure (Williams et al. 2008) . Montane conifer species possess many of the characteristics associated with vulnerability to climate change (Williams et al. 2008) : (i) poor physiological tolerances to high temperature and low moisture availability; (ii) life history traits including longevity, slow growth rates and poor dispersal; (iii) present limited geographic range; and (iv) predicted exposure to climate change (based on downscaled general circulation models for Tasmania; Grose et al. 2010) . Therefore, local extinctions and consequent range contractions are likely to occur in these species. Uncertainties such as ecological and evolutionary adaptive responses and potential feedbacks and interactions make it difficult to predict how fast and widespread these impacts will be.
There have been many episodes of rapid climate change -most recently during the Quaternary glacial cycles -with relatively few extinctions, suggesting that species have been able to persist, evolve or migrate more successfully than is predicted by current models (Botkin et al. 2007 ). However, the additive effects of pressures such as increased fire, herbivory, low levels of recruitment and physiological stress may increase the likelihood of extinctions.
Dieback symptoms such as chlorosis, foliage thinning and death have been observed in several conifer species at widespread locations in Tasmania's highlands. These symptoms may be pathological (e.g., Whinam et al. 2001 , Yuan et al. 2000 or environmental. Changes in vegetation condition can be related to a variety of causes and manifest at different scales ranging from individuals, to populations, to the overall extent of the community. Observation and monitoring at different scales is therefore a strategic approach to detect and quantify change, which can inform adaptive management strategies such as protection of refugia, ex situ conservation and assisted migration.
Four Tasmanian endemic conifer species have been selected for long-term monitoring. These species are expected to be sensitive to environmental change and consequently are likely to be useful indicator species. They exhibit different life histories, are keystone species in several vegetation communities of conservation significance and are also iconic elements of the Tasmanian environment. Most populations of these conifers occur in reserves, particularly the Tasmanian Wilderness World Heritage Area where they contribute to the globally significant flora and vegetation values ( fig. 1) .
King Billy Pine (Athrotaxis selaginoides D. Don) and Pencil Pine (A. cupressoides D. Don) are slow-growing rain forest trees with a lifespan of around 1300 years (Cullen & Kirkpatrick 1988a , b, Gibson et al. 1995 . King Billy Pine is a canopy dominant or emergent tree in mid-elevation climax rainforests (typically 360-1100 m), and also occurs in krumholz (dwarf ) form in alpine scrub. Pencil Pine is a highland species, mostly occupying an altitudinal range of 990-1370 m, where it is dominant in subalpine rainforest and woodland and also occurs in alpine vegetation (Kirkpatrick 1996) . Both species exhibit mast seed production with seed dispersal by wind typically limited to around 100 m, although Pencil Pine relies mostly on asexual reproduction with root suckers observed more than 50 m from a parent plant (Cullen & Kirkpatrick 1988a , b, Kirkpatrick et al. 2010 .
Dwarf Pine (Diselma archeri Hook.f.) is a dense shrub typically 0.5-1.5 m tall in alpine heathland, but occasionally taller in subalpine forest. There is a small atypical population of this species at Lake Johnston in the West Coast Range where it occurs as a tree reaching heights of over 10 m with diameter at breast height (DBH) up to 45.5 cm (Fitzgerald 2011 (Grose et al. 2010) .
Ecophysiological studies show that King Billy Pine is adapted to cool temperatures (Read & Busby 1990) and is poorly adapted to water stress (Brodribb & Hill 1998 , Jordan et al. 2004 . Read & Busby (1990) suggest that low summer rainfall is the primary limitation for King Billy Pine based on bioclimatic modelling, while their physiological research indicates high summer temperatures are directly limiting, at least at lower elevations where rainfall is adequate. The difficulty of interpreting the climatic niche is compounded by the substantial influence of fire and slow dispersal ability on the realised niche and the possibility that present distributions of vegetation with conifers may reflect past climatic events (Read & Busby 1990 ).
Pencil Pine, King Billy Pine and Drooping Pine are capable of asexual reproduction by layering or suckering (Cullen & Kirkpatrick 1988a , Gibson et al. 1995 , TSS 2009 ). The relative importance of seedling versus vegetative reproduction appears to vary between species and sites. Cunningham et al. (2007) suggest using the term "condition" to describe the appearance of a tree, while "health" refers to actual physiological and pathological factors. This paper describes the method employed for monitoring the condition and recruitment of Tasmania's montane conifer species and provides a baseline for assessing change in the future. The monitoring method presented here is a relatively simple and efficient system for documenting long-term trends in recruitment and condition of flora species and can be applied to other species in Tasmania and elsewhere. 
FIG. 2 -Location of montane conifer monitoring sites in Tasmania.

Site description
For each plot the slope, aspect, geology, landform, fire history, vegetation community and ground cover were recorded (see appendix 1). Floristic description involved recording dominant vascular plant species and cover scores by stratum and lifeform categories.
Athrotaxis forest monitoring
Monitoring for Athrotaxis forest and woodland uses a modified point-centred quarter method (PCQM) where each "plot" consists of 12 Athrotaxis "individuals'"and sampling is based on a permanently marked centre-point. The nearest three Athrotaxis trees over 2 m tall are recorded within each of four quadrants delineated by the cardinal compass points. PCQM is widely used for forest inventory surveys as it is more efficient than plot-based sampling and although it is designed for single-trunked upright trees it can be adapted to situations where trees have multiple or leaning trunks (Dahdouh-Guebas & Koedam 2006 , Mitchell 2007 . Using this method there is theoretically no distance limit for inclusion of trees from the centre-point; however, in practice with small discrete stands of Athrotaxis there may be a quarter in which there are fewer than three trees. In this case a correction factor can be applied to the PCQM data to adjust for vacant quarters, or for fewer than 12 individuals (Mitchell 2007) . The formula used to estimate density assumes a random distribution of trees which is rarely the case in nature (Mitchell 2007) . Pencil Pine appears to have a distinctly clumped distribution in most cases, particularly in woodland communities. Consequently the results must be considered estimates of stand density rather than definitive measures.
Multi-trunked trees where the trunks clearly arise from a common base are recorded as an individual, as are distinct clusters of stems. Root suckers or trunks distant from the cluster (more than c. 1.5 m) are treated separately, even if it appears that they may be connected. Suckering in Pencil Pines results in clonal stands (Cullen & Kirkpatrick 1998b), so it is not feasible or desirable for a field monitoring program to define individuals on a genetic basis.
For each of the 12 "individuals" at a site the following details were recorded: distance and direction from marker post; DBH at 1.3 m (for rare instances where many small stems occur in addition to one or more of larger diameter measure all stems that are more than ¼ the diameter of the largest stem); chlorosis or death of apical foliage (recent/old/absent); cones (absent, present on <50% of branches, present on >50% of branches); age (current season or older) and predominant sex of cones; and an overall condition score ranging from 1 (dead) to 4 (no dieback symptoms). Reference photographs of conifers representing the different condition scores are used as a guideline for assigning the four condition classes (see pls 1-4). The simple four-class condition score was chosen to provide repeatability and reduce observer bias compared to a larger number of classes.
While other researchers have used several indices of tree condition (e.g., crown extent, crown density, crown vigour, leaf condition) for trees with well-defined architecture and dieback processes (e.g., Cunningham et al. 2007 , Souter et al. 2010a , this has proved impractical for Athrotaxis species due to considerable variability in tree form, which is likely to be related to age and site characteristics.
Recruitment was noted for all conifer species present with the following categories: none, seedling, asexual, seedling and asexual, indeterminate. In addition to the 12 trees per plot any smaller Athrotaxis individuals (under 2 m tall) are recorded with location relative to the centre point and a height estimate.
Classification and ordination of plots were performed on the mean health score of trees using PATN (Belbin 1993) . Classification used the Agglomerative Hierarchical Fusion, with Gower Metric Association Measure and Flexible UPGMA and SSH ordination method.
Highland coniferous heathland monitoring For coniferous shrubbery (and Athrotaxis vegetation under 2 m tall) sampling is based on 10 x 10 m quadrats oriented to magnetic north and marked with permanent aluminium corner stakes. For each conifer species in a quadrat the following details were recorded: percentage cover (BraunBlanquet scale); average and maximum height; cones (absent, present on <50% of branches, present on >50% of branches); age and predominant sex of cones; and an overall condition score ranging from 1 (dead) to 4 (no dieback symptoms). Recruitment was noted for all conifer species present with the following categories: none, seedling, asexual, seedling & asexual, indeterminate.
Apart from the four target species, the same observations were also recorded for other conifer species when present at a site.
RESULTS
Recruitment was evident at 11 out of 34 sites for Pencil Pine, with most, or possibly all, juveniles being root suckers. Recruitment was most frequent at Mount Field, followed by Pine Lake, with very little or no recruitment observed at the other study sites. Recruitment was more frequent for A. selaginoides with juveniles present at 20 out of 24 sites. All King Billy Pine recruitment appeared to be from seed except at Mount Read where there were apparent root suckers, although further investigation would be required to determine their origin. Some sites had large numbers of small seedlings (less than c. 3 cm tall) but larger seedlings were infrequent.
Condition scores for Pencil Pine show a significant difference between sites (Kruskal-Wallis test, p < 0.001) with Mount Field and Mount Ironstone having a median condition score of 3 while the other sites have a median of 4 (table 1). There is no significant difference between sites for A. selaginoides with all sites having a median score of 4 (Kruskal-Wallis test, P-Value = 0.067).
Pine Lake ( fig. 3 ) is the only location where condition scores appear to be related to tree size, as measured by DBH (Kruskall-Wallis test, p = 0.012), while Lake Mackenzie and Mount Ironstone display a significant relationship at the 10% confidence level. These sites are all located on the northern part of the Central Plateau and are dominated by Pencil Pine, although the nearby Mickeys Creek site does not show a similar relationship.
Recruitment of the shrubby conifer species was evident at most sites, although it was not feasible to distinguish seedlings from root suckers. Instances where no recruitment was observed were usually associated with very low coverage of that particular species in the plot (e.g., only one mature plant present). Continuous vegetative reproduction appears to be commonplace in Drooping Pine and Dwarf Pine. Variation in timing of surveys precludes useful comparison of cone production between sites since the strobili (cones) 1 Condition class ranges from 1 (dead) to 4 (good condition).
FIG. 3 -Condition scores for Pencil Pine individuals at Pine Lake related to trunk diameter.
are not retained on the plant for more than a few weeks, unlike in Athrotaxis. Dwarf Pine generally exhibited good condition, with 26 out of 30 quadrats having an average condition of 4 ( fig. 4) . Drooping Pine quadrats were evenly split between those averaging 3 and 4. Ordination analysis (Belbin 1993) indicates that aspect and slope are the most significant variables discriminating the two groups, with good condition (Group 2, score = 4) associated with steeper slopes and more southwesterly aspects (fig. 5 ).
DISCUSSION
Size class distributions of conifer trees at the study sites indicate continuous or episodic regeneration for Pencil Pine with more episodic recruitment for King Billy Pine (Fitzgerald 2011), which supports recruitment patterns previously reported for these species (Cullen & Kirkpatrick 1988b , Cullen 1991 .
Long-term recruitment failure (dating back at least until the first half of the nineteenth century) of Pencil Pine on the Central Plateau in open grassy montane rainforest has in the past been attributed to high levels of grazing pressure from wallabies (Macropus rufogriseus (Desmarest, 1817)) and rabbits (Oryctolagus cuniculus Linnaeus, 1758), possibly due to the removal of top order predators (Cullen & Kirkpatrick 1988a). However, recruitment observed during our study at Pine Lake but not at similar habitat at Mickeys Creek suggests that other factors may also play a role.
Natural processes such as intraspecific competition and aging can influence tree condition so caution is required when interpreting tree condition and dieback. For example, at Pine Lake none of the largest individuals were classified in the highest condition class, probably due to natural senescence. Similarly the poorest condition individuals occur in the smaller size classes and apparently reflect natural thinning.
Seasonal and interannual variations in condition and phenology are natural phenomena and therefore robust longterm datasets are needed to identify real trends. A further complication is the difficulty of meaningful assessment of tree condition in exposed environments, where trees are deformed and defoliated by weather conditions, but may be healthy despite having features such as dead branches (or trunks), reduced crown size or bark stripped by ice storms.
Extreme events such as drought and heatwaves (White et al. 2010 ) and consequent increases in fire severity and frequency (Williams et al. 2009 ) are likely to have more impact on conifers than shifts in mean temperature and rainfall. Rainforest and alpine vegetation is at risk of increased frequency and intensity of fire events if recent trends of increased incidence of dry lightning and drier soil conditions in western Tasmania continue (DPIPWE 2010) . Predicting the locations of likely future climatic and fire refugia for montane conifers would help inform the conservation management of these species, especially in terms of fire protection priorities.
In all four conifer species, both plants and seeds are readily killed by fire. The four conifers have poor seed dispersal which limits the possibility of successful recolonisation (Kirkpatrick & Dickinson 1984) . Although King Billy Pine can recolonise or regenerate after fire in some circumstances, it is more commonly eliminated by fire (Cullen 1987) . Palynological profiles provide strong evidence for local extinctions of conifer species due to fire and in some cases reoccupation has not occurred after thousands of years (Cullen & Kirkpatrick 1988a , Kirkpatrick & Dickinson 1984 .
Warmer temperatures are expected to increase the altitude of the treeline (Richardson & Friedland 2009 ), theoretically resulting in subalpine forest migrating upslope. Given the longevity and slow growth of Athrotaxis, migration of Athrotaxis forest would be slow but the already established shrubby Athrotaxis at higher altitudes would provide a basis for forest development at sites previously marginal for tree species, dependent on factors such as wind and snow in addition to temperature (Green 2009). Observed mortality of Snow Peppermint (Eucalyptus coccifera Hook.f.) co-occurring with Pencil Pine is likely due to severe frosts (Cullen & Kirkpatrick 1988b) , so a reduction in the severity of frost might be expected to facilitate eucalypt invasion of Pencil Pine woodland.
Changes in phenology are expected in response to environmental change, either through physiological responses to environmental cues or as a response to stress. Phenological
FIG. 4 -Number of quadrats by average condition class
for shrubby conifer species, Diselma archeri, Microcachrys tetragona. Pherosphaera hookeriana, and P. lawrenci. Condition class ranges from 1 (dead) to 4 (good condition.
FIG. 5 -Box-plots of the three most significant variables (KW = Kruskall-Wallis statistic) discriminating between two groups of plots based on condition scores for Drooping Pine. Group 1 is plots with an average condition class of 3 (representing somewhat poor condition) while Group 4 plots have an average condition class of 4 (good condition). Box represents quartiles, whiskers are the range, vertical line is median, diamond is
mean. An eastness value of 1 = due east while -1 = due west, similarly northness value of 1 = due north and -1 = due south. changes can be variable and difficult to predict within a species, so long-term and geographically broad datasets are needed to determine trends (Primack et al. 2009 ). The phenology of Athrotaxis warrants further study and it would be informative to undertake annual monitoring of cone production along with germination trials.
Drooping Pine produces limited quantities of viable seed with a deep physiological dormancy which may result in a semi-persistent soil seed bank (Wood 2011, James Wood, pers. comm.) . This is supported by field observations which suggest that seedlings are very rare and reproduction is largely vegetative in this species (TSS 2009) .
This survey determines the current condition status across the range of four conifer species, providing a baseline for monitoring of spatial and temporal trends. Additionally, dendrochronology undertaken on Athrotaxis species at various locations provides centuries-scale data on growth rates and responses to environmental change by these species (e.g., Allen et al. 2011) . Long-term changes in the health of conifers at the stand level are likely to occur over decadal scales. If climate change is a driver of health decline, the conifers may not show significant effects until a climatic threshold is reached.
In the future, time series data will be analysed for long-term spatial and temporal trends in conifer condition. The range of monitoring sites provides replication and allows analysis of spatial patterns in condition, particularly if combined with remote sensing techniques. The geographic variation between sites (e.g., altitude) also provides a surrogate for climate and will be useful in examining the potential influence of climatic factors on conifer health.
APPENDIx 1
Site details for conifer monitoring plots. 
